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Work	as	done?	Understanding	 the	practice	of	 sociotechnical	work	 in	
the	maritime	domain	
























































some	 areas	 and	 in	 certain,	 often	 weather-related,	 circumstances,	 remote	 pilotage	 may	 also	 be	
























everyday	work	 is	 performed,	 often	highlighting	 practices	which	 are	 'invisible'	 to	 the	outside	world	
(Suchman,	1993,	1995,	2007).	STS	and	Actor-Network	Theory	(ANT)	investigate	how	work	and	work	








(technology,	 systems	etc.)	 in	 achieving	 their	 goals	 (Engeström	&	Middleton,	1996;	Karlsson,	1999).	
Drawing	on	these	traditions,	a	large	body	of	studies	within	safety-critical	domains	such	as	aviation	(e.g.	
Hutchins,	 1995b),	 aircraft	 ground	 operations	 (Suchman,	 1993),	 navigation	 (Hutchins,	 1995a)	 and	
offshore	 (Haavik,	 2011;	 2014)	 highlight	 how	 successful	 work	 depends	 on	 collaboration	 and	




may	 affect	 other	 components	 or	 lead	 to	 unwanted	 outcomes	 (e.g.	 Hollnagel	 &	 Woods,	 2005;	
Rasmussen,	 Petjersen	&	Goodstein,	 1994).	Systems	 are	 per	 definition	 teleonomic,	 or	 goal-seeking,	





as	 done',	 rather	 than	 'work	 as	 imagined'	 (Hollnagel,	 2012).	 The	 aim	 is	 thus	 to	 shift	 attention	 from	
Safety-I	 thinking	 (focusing	on	what	goes	wrong)	 to	Safety-II	 (looking	at	what	goes	right)	 (Hollnagel,	
2014),	or	away	from	Weick's	proverbial	'dynamic	non-events'	(1987)	towards	everyday	operations	or	
'events'	(see	also	Haavik	et	al.,	2016).	Hollnagel	(2012:9)	states	that	'safety	is	something	a	system	does	







and	 maritime	 traffic	 management	 (van	Westrenen	 &	 Praetorius,	 2012)	 is	 firmly	 based	 within	 the	
traditions	of	Cognitive	Systems	Engineering	and	Resilience	Engineering,	focusing	mainly	on	the	role	of	
navigational	 assistance	 in	 maintaining	 tactical	 (short-term,	 localised)	 and	 strategical	 (longer	 term,	
system-wide)	 control.	 Other,	 wider	 issues	 which	 have	 been	 considered	 are:	 tacit	 knowledge	 and	
experience	(Mikkers	et	al.,	2012),	and	communication	and	trust	between	pilot	and	vessel	crew	(TSBC,	
1995;	Bruno	&	Lützhöft,	2009)	and	ship-shore	(Hadley,	1999;	Bruno	&	Lützhöft,	2009).		
This	 research	 has	 produced	 detailed	 system	models	 of	 either	 on	 board	 and	 shore-side	 assistance	
(Praetorius	 &	 Hollnagel,	 2014;	 Praetorius	 et	 al.,	 2015;	 van	Westrenen,	 1999).	 However,	 although	
























analysis)	 (Carvalho,	 2011;	 Herrera	 &	 Woltjer,	 2010),	 in	 which	 both	 stages	 have	 been	 performed	


























al.,	 2016).	 However,	 please	 note	 that	 PSFs	 in	 the	 context	 of	 FRAM	 are	 simply	 'conditions	 which	
influence	the	events	being	studied'	 (Hollnagel,	2012:	57)	 in	a	broad	sense,	 rather	 than	quantifiable	
measures	of	 human	behaviour	 and	environment	 as	usually	 found	 in	Human	Reliability	Assessment	
(HRA)	(Hollnagel,	1993);	consequently	no	link	should	be	implied	between	PSFs	and	'human	error'.	
Functions	 should	be	described	 in	 terms	of	 six	 characteristics,	 or	 'aspects',	which	 claim	 to	 enable	 a	
better	understanding	of	how	variability	may	arise	and	spread.	These	are:	input;	output;	precondition	














































by	 them	as	 essential	 for	 successful	 assistance,	whether	 provided	on	board	or	 from	ashore.	 It	 thus	
produces	a	generic	FRAM	model,	but	additionally	develops	an	instantiation	of	the	model	to	discuss	a	
specific	scenario,	as	described	below	in	Section	4.	
However,	when	performing	 this	analysis,	 several	aspects	of	 the	method	were	 found	 to	be	open	 to	
interpretation,	particularly	regarding	the	choice	and	analysis	of	empirical	data	and	how	to	describe	
work	in	terms	of	functions.	Work	Studies	-	with	its	strong	grounding	in	empirical	studies	and	themes	








of	 an	 iterative,	 explorative	 approach,	 using	 various	methods	derived	 from	Czarniawska	 (2014)	 and	
Stanton,	 Salmon,	 Walker,	 Baber	 and	 Jenkins	 (2013),	 and	 described	 below.	 The	 research	 moved	
backwards	and	forwards	between	data	collection	and	analysis,	 field	and	office,	 in	a	process	 loosely	






and	 VTS	 centres,	 covering	 	 VTS	 and/or	 pilotage	 areas	 in	 four	 countries	 (summarised	 in	 Table	 1).	
Participants	were	of	five	different	nationalities	and	their	 level	of	experience	ranged	from	trainee	to	
over	 twenty	 years'	 experience	 in	 their	 current	 role.	 The	 choice	 of	 sites,	 participants	 and	methods	
included	in	the	studies	were	to	some	degree	opportunistic,	aiming	to	triangulate	between	ship/shore,	













VTS	training	session	 1	VTS	trainer/VTSO	 Area	6	 Observation	
Pilot	trainers	interview	 2	pilot	trainers	 Areas	7	and	8	 Group	interview	















this	 region.	 Facilitated	 discussions	 evolved	 around	 one	 theme	 -	 success	 factors	 for	 navigational	
assistance.	 Participants	 emphasised	 many	 generic	 issues	 -	 which	 became	 an	 initial	 hypothesis,	 or	
empirical	 theory	 (Denscombe,	 2010),	 about	 what	 constitutes	 successful	 navigational	 assistance	 -	
namely	 the	 importance	 of	 integration	 of	 information	 from	 various	 sources	 and	 communication	























questions.	 Each	 visit	 took	 between	 two	 hours	 to	 a	 day.On-site	 observations	 and	 semi-structured	
workplace	 interviews	 enabled	 the	 participants	 to	 discuss	 their	work	 in	 context,	 demonstrating	 the	


















on	 board	 vessels	 and	 interview	 with	 pilot	 trainers,	 all	 studies	 were	 audio	 recorded	 and	 verbatim	
transcriptions	made	of	each	recording.	Images,	photographs	and	participants'	drawings	were	collected	






















analysis	 of	 interviews,	 observations	 and	 focus	 groups,	with	 similar	 results	 to	 the	 thematic	 analysis	





further	 discussion	 with	 experts	 to	 establish	 the	 functions.	 Cabrera	 Aguilera	 et	 al.	 (2016)	 used	
ergonomic	field	studies,	observations,	interviews	and	document	analysis	to	establish	functions	using	
Common	Performance	Conditions	(CPCs),	a	variation	on	Hollnagel's	PSFs	(2012).		
In	 the	present	 case,	 the	 thematic	 analysis	described	above	had	 (similar	 to	Praetorius	et	 al.,	 2015),	
revealed	an	 interconnected	network	of	 factors	which	are	 integral	 to	and	affect	the	performance	of	
navigational	assistance.	These	 factors	were,	similar	 to	CPCs	and	PFSs,	 translated	 into	activities	 (see	
Hollnagel,	2012:40-41;	also	Cabrera	Aguilera	et	al.,	2016),	and	incorporated	directly	into	the	model	as	
functions.	 For	 example	 environmental	 conditions	 (observations/measurements	 of	 wind,	 waves,	





whether	 it	 is	 a	 valid	 function	 in	 the	 same	way	as	a	 concrete	action	e.g.	 'check	weather	 forecasts'?	
Monitoring,	e.g.	'monitor	weather	conditions',	though	a	generally	invisible	or	unobservable	practice,	is	
































handle	 them	 in	 a	 given	 situation.	 The	 success	 factors	were	 treated	 as	 PSFs	 (Hollnagel,	 2012),	 and	
consequently	became	the	primary	functions	of	the	FRAM	model.	
The	main	 indicator	 of	 successful	 navigational	 assistance	 is,	 in	 their	 own	words,	 'no	 incidents'.	 This	






































	 check	traffic	situation	 vessel/traffic	 information	 (expected	 traffic	
situation)	

















give	 navigational	 instructions	 pilot-vessel	 (pilot	
function)	
communication,	trust	





To	 provide	 local	 knowledge	 to	 vessels	 was	 described	 as	 a	 central	 feature	 of	 pilotage	 and	 VTS.	 In	
training,	pilots	and	VTS	operators	should	learn	and	be	able	to	demonstrate	their	mastery	of	all	aspects	

















which	were	present	 in	 all	 the	participants'	 areas,	 or	 the	presence	of	 islands	or	 sandbanks.	 Several	
participants	reported	that	 'there	are	certain	geographical	points,	we	notice	that	there	are	 incidents	












work	 in	 a	 VTS'.	 On-the-job	 experience	 of	 interpreting	 the	 various	 sources	 of	 information,	 and	














divided	 into	 three	main	 categories:	 vessel	 and	 traffic	 information,	 environmental	 information	 	 and	
organisation.	
Vessel/traffic	 information	 is	 potentially	 the	 most	 critical	 preparatory	 element.	 A	 multitude	 of	
parameters	 should	 be	 known	 in	 advance	 to	 facilitate	 safe	 passage,	 such	 as	 vessel	 name,	 length,	
breadth,	 draught,	 air	 draught,	 tonnage,	 type	 of	 vessel,	 type	 of	 cargo,	 bunker	 figures,	 number	 of	
persons	on	board,	destination,	estimated	time	of	arrival	(ETA)	at	relevant	waypoints	and	more.	These	






picture	 of	 the	 expected	 traffic	 situation	 and	 intensity	 may	 be	 gained.	 However,	 accuracy	 of	 pre-
information	is	a	cause	for	concern	for	both	pilots	and	VTS	operators:	'it's	not	always	correct	[…]	that	
gives	 lots	 of	 problems	 sometimes'.	 It	 is	 often	 not	 updated,	 or	 multiple	 sources	 give	 conflicting	
information.	Often	information	needs	to	be	checked	directly	with	the	vessel	crew,	either	via	VHF	or	
once	on	board,	and	uncertainty	will	not	necessarily	be	resolved.	
Environmental	 information	 during	 preparation	 is	 mainly	 concerned	 with	 checking	 the	 weather.	
Environmental	factors	(described	above)	may	vary,	therefore	forecasts	and	observed	measurements	
of	e.g.	wind,	waves,	currents,	water	 level	and	visibility	must	be	obtained	and	 interpreted.	Weather	







the	 spot'.	Navigational	 information	 should	 also	 be	 checked.	 There	may	 be	 temporary	 navigational	











In	 the	FRAM	model,	 these	preparation	 functions	 (Fig.	 6)	 are:	 'prepare';	 'check	 in/outgoing	 vessels';	











vessels	time	 to	take	the	best	course	of	action.	Once	again,	 this	may	be	categorised	 into	vessel	and	
traffic	movements,	environmental	conditions	and	the	ability	to	adapt	to	circumstances.		
Vessel/traffic	movements	must	 be	 constantly	monitored	 to	 ensure	 that	 vessels	 are	 following	 their	
intended	 route,	 keeping	 their	 ETA	 to	 important	 waypoints,	 avoiding	 close	 quarters	 situations	 and	
shallow	water.	Pilots	use	mainly	visual	information,	obtained	by	looking	out	of	the	window,	to	monitor	
vessel	movement	and	the	relative	positions	of	other	vessels.	On	board	radar,	gyrocompass	and	chart	











Environmental	 conditions	 and	 their	 effect	 on	 vessel	 and	 traffic	 movements	 are	 monitored	
continuously,	 since	 'the	 traffic	 situation	 changes	 if	 it's	 bad	 weather'.	 Observations	 about	 current	
weather	conditions	may	be	obtained	by	visual	estimation	(e.g.	surface	currents	flowing	past	a	buoy	or	
distance	 to	 known	 landmarks)	 or	 by	 measurements	 from	 sensors	 described	 above.	 Forecasts	 are	









The	 ability	 to	 adapt	 to	 variation	 and	 uncertainty	 in	 the	 traffic	 situation	 and	 the	 environmental	
conditions	is	clearly	important,	and	to	facilitate	vessels	in	adapting	(see	Section	5.2).	Subjective	expert	

































to	 communicate.	 But	 most	 of	 the	 time	 there's	 no	 problem	 with	 it.'	 	 This	 can	 be	 illustrated	 using	
communication	 functions	 (Fig.	 9):	 'communicate	 vessel-VTS';	 'communicate	 VTS	 vessel(s)';	
'communicate	 vessel-other	 vessels';	 'give	 navigational	 instructions	 pilot-vessel'	 (pilot	 function);	




























Therefore	 'an	 important	 part	 is	 making	 sure	 the	 captain	 feels	 calm',	 so	 immediately	 building	 a	









updating,	 reassessing,	 cross-referencing,	 communicating	 and	 so	 on	 in	 a	 very	 dynamic	 manner.	
Knowledge	about	vessels	and	traffic,	the	environment	and	human	and	organisational	aspects	of	the	














To	 understand	 how	 this	 is	 achieved	 in	 practice,	 i.e.	 how	 work	 is	 actually	 performed,	 and	 how	 it	
contributes	towards	maritime	safety,	concrete	examples	may	be	more	helpful.	In	the	language	of	our	
empirical	 model,	 this	 involves	 describing	 how	 pilots	 and	 VTS	 operators	 use	 local	 knowledge,	






































In	 all	 areas	 in	 the	 studies,	 narrow	 channels	 and	 shallow	 waters,	 combined	 with	 strong	 currents,	
variations	in	water	depth	due	to	tide	or	water	level,	and	periods	of	low	visibility,	mean	that	vessels,	
particularly	deep	draught	vessels,	may	be	restricted	in	their	ability	to	navigate	safely.	Although	actual	
collisions	or	groundings	were	not	seen	as	common,	 'heading	 towards	shallow	water'	was	a	 regular	
occurrence	in	several	of	the	areas.	In	one	area,	VTS	operators	reported	that	'last	year	we	had	about	
20-25	 vessels	 heading	 for	 shallow	 water,	 and	 it's	 a	 potential	 grounding'.	 Fog	 is	 'water	 droplets	
suspended	in	the	air	at	the	Earth's	surface.	Fog	is	often	hazardous	when	the	visibility	is	reduced	to	1/4	





















becomes	more	difficult,	 since	 they	 lose	 the	visual	 references	 they	would	normally	use	 to	navigate.	
Reliance	on	radar	and	electronic	navigation	aids	tends	to	increase.	However	reduced	visibility	due	to	
heavy	rainfall	can	produce	clutter	on	the	radar,	making	objects	difficult	to	discern,	in	turn	increasing	
reliance	 on	 AIS	 targets	 on	 electronic	 chart	 displays.	 A	 pilot	 described	 how	 perspective	 changes	
depending	 on	 the	 source	 of	 information:	 'Everything	 looks	 much	 closer	 together	 on	 the	 screen';	
'Distances	observed	visually	appear	greater,	they	appear	smaller	on	the	screen	than	visual,	and	they	
look	smaller	on	 the	ECDIS	 [electronic	chart	display]	 than	 the	ARPA	 [radar].	Radar	 is	best	 to	 see	 the	
relative	movement	of	vessels.'	
As	a	result,	vessels	navigating	in	fog	tend	to	slow	down	and	increase	separation	between	each	other,	
also	 increasing	communication	with	each	other	and	 the	VTS.	The	volume	of	 radio	 traffic	 inevitably	







much	 closer	 cooperation	 between	 vessels	 and	 VTS	 than	 usual.	 This	 may	 be	 illustrated	 with	 the	
following	FRAM	instantation.		
Figure	 11	 shows	 how	 the	 performance	 of	 function	 'monitor	 weather	 conditions'	 is	 affected	 by	
exogenous	 variability	 (i.e.	 due	 to	 changes	 in	 the	 physical	 environment),	 potentially,	 though	 not	
necessarily,	leading	to	unwanted	outcomes.	How	'monitor	weather	conditions'	is	performed,	i.e.	how	










traffic	 movements	 are	 monitored	 due	 to	 alternative	 (i.e.	 non-visual)	 sources	 of	 information,	 thus	
affecting	the	behaviour	of	vessels	(e.g.	reduced	speed	and	increased	separation)	and	the	volume	of	
communication	between	vessels	and	shore.	Adaptations	in	how	functions	are	performed	are	the	result	
























also	highlight	 general	 features	of	 sociotechnical	work	which	may	be	 transferred	 to	other	 contexts.	
Checkland	(2000),	Le	Coze	(2013a,b),	Hepsø	(2014)	and	Haavik	et	al.	(2016)	maintain	that	this	type	of	
approach	may	 in	 fact	benefit	 systems	engineering	methods,	 since	any	model	of	a	work	system	will	
necessarily	be	a	simplification	of	the	real	thing,	and	risks	becoming	a	portrayal	of	'work	as	imagined'	
(Hollnagel,	 2012).	 In	 order	 to	 avoid	 this,	 a	 thorough	 understanding	 of	 the	 work	 carried	 out	 by	
practitioners	 is	a	precondition	 for	modelling	 'work	as	done';	but	consequently,	a	model	build	upon	





be	 common	 sense	 to	 those	performing	 the	work.	As	one	VTS	operator,	who	had	been	 involved	 in	
research	in	the	past,	said,	'maybe	for	the	people	who	did	that	research	it	was	like	’wow’,	but	for	me	it	
was	very	clear.	I	think	me	and	[another	VTSO],	we	could	have	come	to	the	same	results	when	thinking	
logically'.	 The	 fact	 that	 FRAM	 leaves	 open	 the	 choice	 of	 empirical	 data	 collection	 and	 preliminary	









tacit	 expert	 knowledge,	 in	 their	 work	 (as	 do	 Mikkers	 et	 al.,	 2012),	 as	 well	 as	 the	 central	 role	 of	
monitoring	of	screens,	instruments,	vessel	motion	etc.	(see	also	Praetorius	et	al.,	2015).	Initially,	one	
















(ready-to-hand	 tools).	 For	 example,	 the	 pilot/VTS	 operator	 may	 'monitor	 weather	 conditions'	 and	
provide	 'foresight'	by	 interpreting	the	effect	of	the	weather	on	vessel	motion.	Though	 internalised,	
monitoring	and	using	tacit	knowledge	are	performed	in	the	context	of	work	tools	and	environment	
(see	 also	Hutchins,	 1995a)	 and	may	 according	 to	 activity	 theory	 be	 considered	 activities,	 and	 thus	
functions	within	a	FRAM	analysis.	
6.3. Describing	sociotechnical	work	with	functions	
FRAM	 categorises	 functions	 into	 human,	 technological	 or	 organisational	 functions,	 and	 its	
understanding	of	the	likelihood	and	potential	effects	of	variability	are	dependent	on	this	classification	
(Hollnagel,	2012;	Hollnagel	et	al.,	2014).	However,	in	our	case	it	may	be	more	helpful	to	consider	the	
functions	 themselves	 as	 sociotechnical.	 For	 example,	 when	 performing	 function	 'monitor	 weather	





by	 implication	 potential	 variability,	 which	 are	 not	 solely	 'human'.	 By	 describing	 work	 in	 terms	 of	
functions,	one	highlights	its	sociotechnical	nature	and	emphasises	how	humans	and	non-humans	work	



















describing	 the	 practice	 of	 navigational	 assistance	 and	 its	 contribution	 to	 maritime	 safety.	 Has	 it	













assistance	 are	 dynamic	 and	 variable;	 in	 the	 visibility	 example	 we	 saw	 how	 the	 work	 system	
reconfigures	to	adapt	to	the	circumstances.	FRAM	allowed	us	to	investigate	this	by	also	producing	an	
instantiation	(Section	5.2),	enabling	discussion	of	a	particular	scenario,	in	this	case	reduced	visibility,	







of	 proposed	 changes	 to	 the	 work	 system	 (e.g.	 the	 introduction	 of	 cameras	 in	 the	 VTS	 area).	 The	
model/instantiations	may	thus	be	used	to	facilitate	discussions	between	stakeholders,	including	users,	










time	 and	 constantly	 adapting	 and	 reconfiguring	 in	 order	 to	 improve	 the	 safety	 of	 navigation	 of	
seagoing	vessels.	Successful	assistance	was	found	to	be	dependent	on:	(i)	the	use	of	local	knowledge,	





and	 themes	 of	 'making	 work	 visible'	 (Suchman,	 1995),	 symmetry	 between	 human/non-human,	
social/technical	(Latour,	2005,	Czarniawska,	2014),	and	work	as	activity	(Karlsson,	1999).	This	approach	
has	allowed	us	to	describe	a	work	practice	on	a	generic	level,	but	also	investigate	how	work	is	actually	
performed,	 how	 safety	 is	 achieved,	 and	 how	 this	 varies	 depending	 on	 the	 situation,	 using	 both	
narrative	and	visualisation.	Furthermore,	 this	approach	 indicates	 that	bringing	 ideas	 from	different	
traditions	together	to	understand	a	real	work	practice	may	bring	us	closer	to	describing	'work	as	done',	
and	its	contribution	to	safe	everyday	operations.	
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